Climate change may increase the incidence of waterborne diseases due to extreme rainfall events, and consequent microbiological contamination of the water source and supply. As a result of the complexity of the pathways from the surface to the consumer, it is difficult to detect an association between rainfall and human disease. The water supply of a Hungarian city, Miskolc (174,000 inhabitant), is mainly based on karstic water, a vulnerable underground water body. A large amount of precipitation fell on the catchment area of the karstic water source, causing an unusually strong karstic water flow and flooding, and subsequent microbiological contamination. The presence of several potential sources of contamination in the protective zone of the karstic water source should be emphasized. The water supplier was unprepared to treat the risk of waterborne outbreak caused by an extreme weather event. Public health intervention and hygienic measures were taken in line with epidemiological actions, focusing on the protection of consumers by providing safe drinking water. The contamination was identified, and measures were taken for risk reduction and prevention. This case study underlines the increasing importance of preparedness for extreme water events in order to protect the karstic water sources and to avoid waterborne outbreaks.
INTRODUCTION
During recent decades there have been more and more events worldwide when water sources and supplies were threatened because of extreme weather conditions, particularly precipitation in large quantities and floods, which can contaminate surface and other water sources and supplies, thereby threatening waterborne disease outbreaks (Rose et al. 2001) . There are only a few publications studying the association between heavy rainfall and human infectious disease, although the subject is an important concern in Europe (Kovats & Tirado 2006) . After heavy rainfall, turbidity often increases in flooding watercourses, interpreted as an indicator of microbial contamination; nevertheless hygienic examinations of watercourses are usually not carried out (Kistemann et al. 2002) . Waterborne outbreaks of human infectious disease, for example cryptosporidiosis, have been linked to weather patterns such as heavy precipitation (Lake et al. 2005) . The results of climate change, warmer temperatures and extreme rainfall are contributing factors to waterborne disease outbreaks (Thomas et al. 2006) . Increased frequency of heavy rainfall events, with associated flooding and increased temperature also lead to deterioration of the quality of surface waters that could adversely affect human health (Hunter 2003) . The karstic water sources are of particular concern in terms of doi: 10.2166/wh.2010.099 extreme weather conditions because of their vulnerability (Rose et al. 2001) . Investigation of the vulnerability of karstic water sources is important for the avoidance of waterborne outbreaks (Menne & Kristie 2006) . Our observations in this case study highlight the sensitive points that should be checked during the operation of a karstoriginated water supply system to avoid the widespread consequences of waterborne outbreaks.
METHODS

Characterization of water sources and drinking water quality
Hungary is relatively rich in groundwater. Therefore the extraction of drinking water is based mainly on bank filtration (39.4%) and protected deep wells (40.1%), as well as karstic (11.2%) water. Among these sources karstic water has a particular importance. Karst offers excellent quality of drinking water at low cost throughout most of the year. The city of Miskolc is situated in the northern part of Hungary.
The city's water supply comes predominantly from the karstic aquifers of the Bü kk Mountains.
Karst is a highly vulnerable aquifer because the formations covering the water-bearing layers do not offer sufficient natural protection against surface contaminants (Bartram & Ballance 1996) . The karst landscape in the Bü kk Mountain, Hungary, is characterized by a thin layer of soil on the bedrock, through which precipitation can pass immediately and completely. The vulnerability partly stems from the geological structure itself, since karst is a good water conduit and has good reservoir properties. The other component is people living and working in the area of the water source resulting in environmental stress. 
Outbreak confinement measures
The epidemiological actions were focused on organizing safe drinking water supply for the residents. In addition, the residents were regularly briefed on the actual water quality. A constant free active chlorine level was maintained in the mains, and repeated tests of drinking water quality allowed the provision of bottled water to cease at midnight on 13 June 2006. However, public health experts continued to recommend that residents should boil water for ten minutes before drinking it. Finally, after a further three days, on the basis of the laboratory test results, the consumption of water without restriction was allowed 
Lessons learnt
In order to meet public health requirements before re-starting the waterworks and the well, several immediate and long-term measures had to be taken to avoid future waterborne disease outbreaks. The most important precondition was setting up a water quality monitoring system at the Miskolc-Tapolca waterworks to monitor water quality constantly and to enable immediate intervention in case of contamination (including the appearance of turbid water, changes in conductivity, in pH value, in UV absorption calibrated to COD and TOC values, and in the free chlorine level). A second chlorine check was 
CONCLUSION
The karstic water sources are particularly vulnerable to extreme weather conditions; consequently active protection of karstic aquifers is an important requirement to avoid waterborne disease outbreaks. Constant monitoring of water quality is indispensable; fast tests need to be introduced to check for common contaminants to karstic water aquifers (ammonia, nitrites, chloride) . A rapid bacteriological test should be used for coliform/E. coli bacteria. The check-monitoring of waterworks needs to be expanded. Appropriate treatment technologies managing emergency situations should be in place. If these conditions are fulfilled, there is a high probability that waterborne diseases can be avoided.
